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Proteasome Regulation of NF-kB Activity 

background of the Invention 
1- Field of the Invention 

TT. W invention reiates „ . method for 
ubiqumn conjugation. 



2. Ascription of Related Art 

The transcription factor NF-kB ami other members of 
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FW, N,.B for , he expressiM ^ 
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anda P pear S tobepartofthe26Sprotea S o m eco m plex which raDi ,, / 
Proceins coated to ubi qui ti, This protease ^ 
- ide , fied h muscle Md plays j_ ^ * - .as 

dependent palhway. ATp -"t>iquitin, 

Ik complex formed between Papain and proteasome . 
^ very simifar or idcndM , „ ^ I50fl ^ ^ '» ™» 
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« — r of lar8er incIuding jitrir° r iB ' p,us 

"■u-npain. ™eco m p, exfomedcontai l tIea ^ ^ h 
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' C) - " °e «»b.tad by the addition of ATP „ r 

nonhydrolyzable ATP analog, although the purified regulator d 

ATP to inhibit proteasome function and lacks ATrJe acdvity ^ne"' T™ 
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~r° — - ~ :r :° r *■ 

"■tena. These finding, suggest d,at the reguUtor olavs . , 

— n, mechanism of the 2SS proieasoml " ^ " ^ 

There ts also a system in the cytosol that generates ami. : 
from endogenous,, synthesized ce.,u,ar and vira, or T T ^ 
*-777-785n <>««.»,. ■ r ""d v '«l Proteins (Moore aaL.Cdl 

785 (1988); M„ m son «< J. Exp. Mei . l6} . % ' 
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(1989); Tanaka « Ah, SW . , :1 . u . ^ 12 ' 2 "-I2,2I9 
«f m (or » and KliM „. ,„ addj n . 

- * A* M* Art. SC. V,S.A. « :7 5 88 -7592 (,986). Li „ ™ 
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the several peptide a-keto ester inhibitors tested, Z - Leu - Leu - Phe - COOEt 
was the most potent inhibitor of the chymotrypsin-like activity with a K x of 53 
nU._ Many such compounds exist. 

■ Other tripeptides that have b<*n described in the literature include Ac 
Leu-Leu-Leu-H, Ac-Leu-Leu-Met-OR, Ac-Leu-Leu-NIe-OR, Ac-Leu-Le^ 
OR, Ac-Leu-Uu-Arg-H, Z-Leu-Leu-Uu-H, Z-Arg-Leu-Phe-H, and Z-Arg 
He-Phe-H, where OR, along with the carbonyl of the preceding amino acid 
residue, represents an ester group. 

Goldberg, in U.S. Patent Application Serial No. 07/699.184, filed May 
13, 1991, discloses that the ATP-ubiquitin-dependent process has Jen shown 
to be responsible for the excessive protein degradation that occurs in 
cond.tions or disease states in which there is severe loss of body mass and 
negative nitrogen balance. A method of inhibiting the accelerated or enhanced " 
proteolysis, a method of identifying inhibitors of the process, multipain and 
proteasome inhibitors are also disclosed. 

Goldberg et al, in U.S. Patent Application Serial No. 08/016 066 
fled February 10, 1993, disclose methods and drugs that inhibit the processing 
of ant,gens for presentation by major histocompatibility complex class I 

molecules. Specifically, inhibitors of the ATP-ubiquitin-dependent proteolytic 
pathway are described, which can inhibit MHC-I antigen presentation These 
methods and drugs may be useful for the treatment of autoimmune diseases 
and for reducing rejection of organs and graft transplants. See, also, Michalek 
et al. Nature 565:552-554 (1993). 

Tsubuki et al, Biochem. and Biophys. Res. Commun. 196(3):U9 5 . 
1201 (1993) reported that a tripeptide aldehyde protease inhibitor 
benzyloxycarbonyKZJ-Uu-Leu-leucinal. initiates neurite outgrowth in PC12 • 
cells at an optimal concentration of 30 nM. The following synthetic peptides 
are also mentioned: Z-Leu-Leu-Gly-H, Z-Leu-Le u -A!a-H, Z-Leu-Leu-Ile-H 
Z-Leu-Leu-Va!-H. Z-Uu-Leu-Nva-H, Z-Leu-Leu-Phe-H, Z-Leu-Uu-Uu-H 
Bz-Leu-Leu-Uu-H, Ac-Leu-Leu-Leu-H, Z-Leu-Leu-Leu.sc, Z-Uu-Leu- 
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R 4 



where . . 
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•0 ^ C H-CH- -CH-CH,-^ and -CH=CH- ; 

OH OH ' ^ 

*iwi acvl or carboxyi, 
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A is 0 or 1. 
The 

intended to include humans. 
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could have important application in various areas of medicine, e.g., 
inflammation, sepsis, AIDS, and the like. 

More specifically, the activity of NF-xB is highly regulated (Grilli et 
al, International Review of Cytology 143: 1-62 (1993); Beg etal, Genesand 
Development 7:2064-2070 (1993)). NF-xB comprises two subunits, p50 and 
an additional member of the rel gene family, e.g., p65 (also known as Rel A). 
In most cells, the p50 and p65 are present in an inactive precursor form in the 
cytoplasm, bound to IxB. In addition, the p50 subunit of NF-xB is generated 
by the proteolytic processing of a 105 kD precursor protein NF-xB, (p!05), 
and this processing is also regulated. The sequence of the N-termina! 50 kD 
portion of pl05 is similar to that of p65 and other members of the rel gene 
family (the rel homology domain). By contrast, the C-terminal 55 kD of pl05 
bears a striking resemblance to I«B-a (also known as MAD3). Significantly, 
unprocessed pi 05 can associate with p65 and other members of the rel family 
to form a P 65/pl05 heterodimer. Processing of pl05 results in the production 
of p50, which can form the transcriptionally active p50/p65 heterodimer. The 
C-terminal kB-o-homoIogous sequence of pl05 is rapidly degraded upon 
processing. 

There is another rel-related protein, NF-xB, (plOO), that is similar to 
pl05 in that it, too, is processed to a DNA binding subunit, p52 (Neri et al., 
Cell 67:1075 (1991); Schmid et al.. Nature 352:733 (1991); Bours et al. 
Molecular and Cellular Biology 72:685 (1992); Mercurio et al., DNA Cell 
Biology 11:523 (1992)). Many of the structural and regulatory features of 
plOO are similar to pl05. In addition, the plOO protein can also form a 
heterodimer with p65 and other rel family members. 

In summary, the transcriptional activity of heterodimers consisting of 
P 50 and one of the many rel family proteins, such as p65, can be regulated by 
at least two mechanisms. First, the heterodimers associate with IxB-a to form 
an inactive ternary cytoplasmic complex. Second, the rel family members 
associate with pl05 and plOO to form inactive complexes. The ternary 



WO 95/25533 



PCT/US95/03315 



-13- 



processing reaction (e.g., ATP/Mg ++ dependency) suggested to the present 
inventors that the ATP-dependent protease complex of the ubiquitin-mediated 
protein degradation pathway was involved (i.e. proteasome; Rechsteiner, 1991, 
Goldberg, Eur. J. Biochem. 203:9-23 (1992), Hershxo et al., Annu. Rev. 
Biochem. 67:761-807 (1992)). However, this structure was only known to 
catalyze the complete degradation of proteins to small acid-soluble peptides 
and was not believed capable of processing precursors to generate active 
proteins, such as p50 NF-*B. 

Using a variety of experimental approaches, the present inventors have 
proven that the proteasome is indeed required for the processing of pl05 to 
p50. First , it was found that the pl05/p60I/A proteins are not processed in 
mammalian cell cytoplasmic extracts depleted of proteasome activity. 
However, addition of purified 26S proteasomes to these depleted extracts 
restores the processing activity. Second, specific inhibitors of the proteasome 
block the formation of p50 in mammalian cell extracts and in vivo. Third 
mammalian pi 05 is processed to p50 in Saccharomyces cerevisiae in vivo, 
and a mutant in the chymotrypsin-like activity of the proteasome results in a 
significant decrease in pl05 processing. p607Wz is ubiquitinated in vitro and 
this ubiquitination is a pre-requisite for pl05 processing. 

As mentioned above, the C-terminal half of the pl05 (pl05C) is 
rapidly degraded during the formation of p50 and the sequence of pl05C is 
remarkably similar to that of IkB. Because of the similarity in the structures 
and activities of pl05C and UK-a, the present inventors initiated studies to 
determine whether the proteasome is also involved in the inactivation of UB-a. 
I*B-of is rapidly degraded in response to NF-kB inducers and this degradation 
has been shown to be necessary for the activation (Mellits etal., Nucleic Acids 
Research^ Y22j:5059-5066 (1993); Henkel etal.. Nature 565:182-185 (1993); 
Beg et al., Molecular and Cellular Biology 73^:3301-3310 (1993)). The 
present inventors have now shown that UB-a degradation and the activation 
of NF-kB is indeed blocked by inhibitors of proteasome function or ubiquitin 
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R7-C- . 

0 <2> 



and R' is akyl, ary], dtaqrl. aralkyl, altox) ,, aiyloxy , ^ or 

aralkoxy. 

Where R 7 is alkyl, it is preferably alkyl of from l t0 4 carbon atoms 
e.g., methyl, ethyl, propyl, butyl, or isomers thereof. Additionally where R' 
is alkaryl, aralkyl, alkoxy, alkaryloxy. or aralkoxy, the alkyl moiety thereof 
is also preferably one having from 1 to 4 carbon atoms. 

Where R 7 is aryl. it is preferably aryl of from 6 to 10 carbon atoms 
e.g.. phenyl or naphthyl, which may, if desired, be ring substituted 
Add.tionally, where R 7 is alkaryl, aralkyl. aryloxy. alkaryloxy, or aralkoxy ' 
the aryl moiety thereof is also preferably one having from 6 to 10 carbon 
atoms. 

It is more P referred^tR^_be_ alkyI or aralkoxy. most preferably 

methyl or benzyloxy, i.e., 

In structure (1). X represents a peptide bond or an isostere that can be 
used as a peptide bond replacement in the proteasome inhibitors to increase 
bioavailability and reduce hydrolytic metabolism. As noted above. X can be 

-f- NH --^-NH- -CH-CH,- -C„-ch ^H-CH,-NH- 
° OH OH OH ' OH 

or — ch=ch— . Preferably. X is ~J~ NH — 

o 

Introduction of these moieties into the proteasome inhibitors results in 

the following: 




peptide bond 
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As noted above, A in structure (1) can be either 0 or I Thus wh, 
A is 0, me arnino acjd ^ ^ bracke£s ^ ^ . hen 

,s a tnpeptide. Simiiarly, where A is 1, the amino acid re JL 

It is preferred that R- and R 2 i„ smicnire (1) be indep 

rom the group consisting of a, M and -CH 2 -R S . More pr efera bl y R' anc j 
R are mdependendy selec ted from the group consisting of a, M groups of 
- 4 carbon atoms, e.g., me th yl , ethyl> propyl> ^ „ 

thereof, e.g., .sopropy!. isobutyl. sec-butyl, t-butyl, or -CH 2 -R> where R3 
» cyc,oa Iky , or ^hthyK It „ more preferred ^ „ ^ _ ^ « * 
beisobutyi, c^-/s) or ^ 

both R' and R 2 be isobutyl. 

Where If is a, k yl, it is pref« rabIy „ ky , of from , , 

substituted or unsubstituted. X 
Where R» is aryl . „ „ prefenb , y aiy , of from 4 m ]o arboii 

phen,, or „ a pht„ y ,. „ hich eroups „ ay substituttd ^ unsubs[ituKd . 

Whcre » a ■*«"— *M. it is P refera bly an alky , of from w 

4 carton arams subSliluKd with. at ieas, one atyl group of from 6 „ J 

or a, ta one c y e,oa„c y , group. prefera bIy . cycloa , kyl 

5 or 6 carton atoms, which gr011ps „, ay be „ 

Where R> is stl „ sliniKd ary] , it is preferab|y ^ ' 

one a lltyI group off™ , „ 4 carton amm s. which groups may be s „ bsti „J 

or unsubstituted. »"uuca 

Where R s is cydodky.. it is prefera b , y cy cloa, kyl of from 5 „ 6 
carton atoms, e.g.. c.Copenry! or cCohe^i, which group, may be 
substituted or unsubstituted. 

Where R 3 is substituted cycioalkyl. it is preferabiy substituted with at 
least one ary, group of from 6 to 10 carbon atoms or at ieast one alky, group , 
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Z-Leu— Leu— Nal— H 

Z-Leu — Leu-Gty— H 
Z-Leu — Leu— Ala— H 
Z-Leu— Leu— Abu— H 

Z-Leu -Leu -Nva—H 

OH 




_ leU -Leu-NH-CH-CHO 



(8) 
(9) 
(10) 

(ID 
(12) 



(13) 



Z-Leu 



Z-Leu -Leu -Phe-C-0 

Z-Leu -Leu -L*J -* H 

Z— Uu— Leu— He— H 
z ^.Uu-Leu-NH-CH-CHO 




(14) 

(15) 
(16) 

(17) 
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2— Leu —Leu — NH— CH— CHO 



WO 55/25533 



PCTAJS95/03315 



■23- 



Z-NH-CH-C-Leu-Leu-H 




v 



(35) 



p o 

Z-NH-CH-C-NH^CH— C-Leu-H W> 



0 
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(74) 



The present invention relates to a method for reducing the cellular 
content and activity of NF-jcB in an animal comprising contacting cells of 
the animal with inhibitors of proteasome function orubiquitin conjugation. 
In the present method, the accelerated proteolysis is inhibited by interfering 
with the ATP-Ub-dependent pathway at one or more possible steps (e.g., 
by interfering with activity of the 26S proteasome complex, or by 
interfering with activity of one of its components). 

A particularly useful approach to testing drug candidates for their 
ability to inhibit the ATP-ubiquirin-dependent degradative process is to do 
so in cultured ccUs in which a short-lived protein whose degradation is 
ubiquitin-dependent is produced. Inhibition of the process leads to 
accumulation of the protein in the cytosol. The extent to which the protein 
accumulates in the cytosol can be determined, using known methods. For 
example, a potential inhibitor of the process can be introduced into cultured 
cells producing a short-lived enzyme and the extent to which the enzyme 
is present in the cytosol in the presence of the potential inhibitor can be 
compared with the extent to which it occurs-in its absence. Accumulation 
of the enzyme in the presence of the potential inhibitor is indicative of 
inhibition of the ATP-ubiquitin-dependent processes by the potential 
inhibitor being tested. Cultured cells, such as COS cells, which are stably 
transformed with a gene encoding a short-lived protein whose degradation 
is ubiquitin-dependent (e.g., a short-lived enzyme, such as a mutant 
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Data also show that MG 101 is an inhibitor of the 26S ATP 
dependent protease and an inhibitor of the proteasome (macropain multi 
catalytic protease) (Table IV). 

Table IV 

MG 101 Inhibits Different Forms of Muscle Pro^c^ 

No Inhibitor j "fioVn 



Enzyme 
Preparat ion 

20S Proteasome 



26S Proteasoroe Complex 



20S Proteasome + 
Muscle 180 kDa Activator 



20S Proteasome + SDS 



Relative Catalytic 
Efficiency 



K, (jiM) 



50 



0.6 



140 



0.14 



The inhibitors can be used in vitro or in wvo . They can be 
administered by any number of ^ ^ _ 
intravenously, intramuscularly, topically, and by infusion (Piatt et al U S ' 
Patent No. 4,510, 130; Badalamente et al.. Proc. Natl. Acad Sci U.S A 
6*5983*987 (1989); Staubli et aL. Brain R esearch 44*1^^ 
and wUl generally be administered in combination with a physiologically 
acceptable carrier (e.g., physiological saline). The effective quantity of 
inhibitor to be given win be determined empirically and wUJ be based on 
such considerations as the particular inhibitor used, the condition of the 
individual, and the size and weight of me mdividual They ^ ^ 

admuustered alone or in combination with another inhibitor or an inhibitor 

of another pathway. 

Table V summarizes data for the inhibition of the 20S proteasome 
by various tripeptide aldehyde inhibitors. 
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Protease Selectivity or Miscellaneous Tripeptide Ald ehvd 

Compound 



es 



MG 158 



MG 160 



MG 161 



MG 165 



MG 166 




Kj (nM) 



51 



64 



0.24 



0.035 
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Example 1 

Preparation of Z-L-leucine-L-leucine-L-norvalinal 

a) Boc-L-norvaline N.O-dimethylhydroxylamide 
l-Ethyl-3-(3-dimethyiaminopropyI)carbodiimide hydrochloride (443 mg) 

5 in one portion was added to a mixture of N-Boc-L-norvaline 

dicyclohexylammonium salt (838 mg), N.O-dimethylhydroxylamine 
hydrochloride (215 mg), 1-hydroxybenzotriazole monohydrate (340 mg), and 
N-methylmorpholine (0.28 ml) in dimethyl formamide (DMF, 20 ml) atO°C. 
The mixture was stirred at 0°C for 2 hours, then at room temperature for 

10 40 hours. The reaction was quenched with water (80 mL) and the mixture 

was extracted with ethyl acetate (EtOAc, 3 x 100 mL). The combined organic 
layers were washed with aqueous 10% hydrogen chloride (HC1), saturated 
sodium bicarbonate (NaHCOj), and brine, then dried over anhydrous 
magnesium sulfate (MgS0 4 ), filtered, and evaporated to afford the product 

15 (546 mg) as an oil. 



b) Z-L-leucine-L-leucine-L-norvaline N,0- 
dimethylhydroxylamide 

A solution of N-Boc-L-norvaline N.O-dimethylhydroxylamide (546 mg) 
and trifluoroacetic acid (8 mL) in methylene chloride (20 mL) was stirred at 

20 0°C for 3 hours. The solvent was evaporated under reduced pressure and the 

residue was dried under vacuum. To this flask was added Z-L-leucine-L- 
leucine (794 mg), 1-hydroxybenzotriazole monohydrate (340 mg), 
N-methylmorpholine (0.28 mL), and DMF (20 mL). l-Ethyl-3-(3- 
dimethylaminopropyl)carbodiimide hydrochloride (442 mg) was then added at 

25 O'C. The mixture was stirred at 0°C for 2 h, then at room temperature for 

24 h. The reaction was quenched with water (40 mL) and the mixture was 
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b) Z-Weudne-Ueudne-Heudne N,0-dimethylhydroxylamide 
A solution of N-Boc-L-leucine-L4eucine N.O-dimethylhydroxylamide 
(923 mg) and trifluoroacetic acid (10 mL) in methylene chloride (20 mL) was 
stirred at 0°C for 3 hours. The solvent was evaporated under reduced 
pressure and the residue was dried under vacuum. A portion of this product 
(488 mg) was transferred to another flask and was combined with Z-L-leucine 
(451 mg), l-hydroxybenzotriazole monohydrate (276 mg) 
N-methylmorpholine (0.22 mL), and DMF (15 mL). l-Ethyl-3-(3- 
dimethylaminopropyl) carbodiimide hydrochloride (357 mg) was then added 
at O'C. The mixture was stirred at 0°C for 2 h, then at room temperature for 
42 h. The reaction was quenched with water (50 mL) and the mixture was 
extracted with EtOAc (3 x 60 mL). The combined organic layers were 
washed with aqueous 10% HCl f saturated NaHC0 3 , and brine, then dried over 
anhydrous MgS0 4 . filtered, and evaporated to afford the product as a white 
solid. This was further purified by silica gel chromatography (hexane/acetone 
80:20, 70:30) to give the title compound (546 mg) as a white solid. 

c) Z-L-Ieucine-Lrleucine-L-leucinal 

A solution of Z-L-leucine-L-leucine-L-leucine N.O- 
dimethylhydroxylamide (546 mg) was dissolved in 15 mL dry tetrahydrofuran 
(THF) and cooled to 0°C. Lithium aluminum hydride (1 M solution in THF 
4.1 mL) was added and the mixture was stirred at 0°C for 30 minutes. 
Potassium bisulfate (1.39 g) in 30 mL water was added and the mixture was 
extracted with EtOAc (3 x 50 mL). The combined organic layers were 
washed with aqueous 5% HCI, saturated NaHCO,, and brine, then dried over 
anhydrous MgS0 4l filtered, and evaporated to afford the product (446 mg) as 
a white solid. This was further purified by reverse phase HPLC 
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c) ^^(2-naphthyl)-Alanine-I^(l-naphtbyl)-Alanine-L-Leucine- 
N, O-dimethylhydroxylamide 

A solution of Boc-L-(l-naphthyl)-alanine-L-leucine N.O- 
dimethylhydroxylamide (459 mg), trifluoroacetic acid (5 mL), and thioanisole 
(2 mL) was stirred at 0°C for 2.5 hours. The solvent was evaporated and the 
residue was dried under vacuum. A portion of this product (182 mg) was 
transferred to another flask and was combined with Z-L-(2-naphthyl)-alanine 
(171 mg),l-hydroxyberaotriazolemonohydrate(99 mg), N-methylmorpholine 
(0.08 mL), and DMF (10 mL). l-Eth y i-3-(3-dimeth y Iaminopropyl) 
carbodiimide hydrochloride (112 mg) was then added at O'C. The mixture 
was stirred at 0°C for 2 h, then at room temperature for 41 hours. The 
reaction was quenched with water (20 mL) and the mixture was extracted with 
EtOAc (3 x 50 mL). The combined organic layers were washed with aqueous 
10% HC1, saturated NaHCO,. and brine, then dried over anhydrous MgS0 4 . 
filtered, and evaporated to afford the product as a white solid. This was then 
purified by silica gel chromatography (hexane/acetone 80:20, 70:30) to give 
the title compound (321 mg). 

d) ^I-(2-naphthyl)-Alanine-I^(l-naphthyl)-Alanine-I^I^ucinaI 

Z-L-(2-naphthyI)-alanine-L-(l-naphthyl)-alanine-L-leucine-N f O- 
dimethylhydroxylamide (321 mg) was dissolved in 15 mLdry tetrahydrofuran 
(THF) and cooled to O'C. Lithium aluminum hydride (1 M, solution in THF, 
1.7 mL) was added and the mixture was stirred at 0°C for 30 minutes. 
Potassium bisulfate (0.59 g) in 30 mL water was added and the mixture was 
extracted with EtOAc (3 x 40 mL). The combined organic layers were 
washed with aqueous 5 % HC1, saturated NaHCO,, and brine, then dried over 
anhydrous MgS0 4 , filtered, and evaporated to afford the product (274 mg) as 
a white solid. 
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Example 6 



used in p60 processing reactive „ j m. racts Were 

processing reactions as descnbed in Example 4 Th. P , 
shown in Figure 4 «""Pie4. The results are 



Example 7 

i-cr^mg moma of puri(ied 20/26s ^ 
enriched from rcticu|ocyK " P~, 

were combined with PrYII) «t™« in ' a,0ne 0r 

r* ^ii; extract in a Droce«ino r«n„*- 

o f ATP^ llowuNutaionbwi ^ 

See Figure 5. . P roteas °<"e function (lanes 3-5). 

Example 8 

The p60Tth precursor P rot ein is ubiquitinated. 

In this Example, and in those described above ther, . , „ 
** - appear when ta substrate is ^J'^^^ 
proteasome activity (Pr). Theubiquitinanonofp^isml 
" « * ubiouitin (ub) is added to J £ ^ 
reaction (lane 5) c~ K „ , ( ° CXtraCt ,n a Pressing 
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blockplOSprccessing; non-specific protease inhibitors 
These results were verified in vitro. 



Example 12 

Specific inhibitors oftheproteasome tlock activation ofNF-tB 

HeU or MC63 cells were preyed with inhibitors (50 „M) for one 
our. Cells were then treated * TNF-a (10 00 U/ml) or IFN-y (10 00U/m,, 
for 30 and 60 minutes, respectively. Whole-cel, extracts were prepared and 
a^ed by an electrophoredc mobility shift assay. The NF-kB site from fc 
■merferon^ gene was used to examine NF-kB binding activity and me p,RE 
* *. IRF-1 gene was used to measure gamma-activated tor { L 
«*». Tne inhibitors o„,y blod NF-iB activation and have no effect on 
mducnon. The results are shown in Figure 10. 

Although the foregoing refers particular preferred embodiments it 
mil be understood that the present invention b no, so limited. lt will oaur 
«o .hose ordinarily skilled in the an tha, various modifications may be made 
.o ^ disclosed embodiments and tha, such modifications are intended to be 

within rh* 
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3. The method of claim 2 wherein P is 

R7— C — 

II 
0 

and R» is alky!, aryl, alkaryl, aralkyl, alkoxy, aryloxy, alkaryloxy, or 
aralkoxy. 



4. The method of claim 3 wherein X 1 , X 3 , and X 3 are 

0 

II 

— C— NH — 



5. The method of claim 4 wherein A is 0 and B 1 , B 1 , and B 3 



are 



CH — 



6. The method of claim 5 wherein R 1 and R' are independently 
selected from the group consisting of alky! and -CHj-R 3 , where R s is 
cyclohexyl or naphthyl. 

7. The method of claim 6 wherein R' and R ! are isobutyl. 

8. The method of claim 2 wherein the proteasome inhibitor is 
selected from the group consisting of 

Ac— Leu— Leu — Nl — H 
Ac — Leu — L u-Met-H 
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2— Leu — Lau — NHCHCHO 




2-Leu —Leu -NH-CH-CHO 



2-Leu -Leu -NH-CH-CHO 

c^-c-c^ 



Z— Leu— Leu— NH-CH— CHO 

CHj-CH^C^ 

2— Leu —Leu —NH-CH— CHO 

CHj-CsCH 

0 

II 

2-NH-CH-C-L u-Nva-H 
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Ac— Leu— Leu— Leu— H 

CH. 0 

I II 

CHj — C-0— C— Leu —Leu —Leu — H 
2— Leu —Leu — NH— CH— CHO 

T 
CI 

2— Leu —Leu — NH— CH— CHO 




OH 
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0 

Z-NH-CH— C-AIa Leu — H 



Ac 




2- 



NIe = Norleucine 
Nva = Norvaline 
Nal = Naphthylalanine 

9. The method of claim 2 wherein the proteasome inhibitor is 
selected from the group consisting of 
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